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Introduction 
Osteoarthritis, caused by degeneration of the 
mandibular condyle cartilage, affects human health 
and limited mobility of the temporomandibular joint 
for many patients [1]. Due to the high prevalence of 
this condition, there is a strong motivation to 
improve the cell culture techniques in the 
development of a new implantable tissue [2]. 
Numerical modelling by finite element methods can 
be used to guide these experimental tests and to 
understand the intrinsic phenomena during the 
culture, producing engineered cartilage with 
optimized biomechanical properties [3]. 
Bioreactors can provide a suitable environment for 
the transport of nutrients and the good mechanical 
stimuli to the cells [4]. The response of chondrocytes 
to mechanical stimuli affects the remodelling of 
cartilage solid matrix [5]. 
This study aims to determine how the dynamic 
compressive loading can affects the metabolism of 
the chondrocytes in tissue engineering of mandibular 
condylar cartilage. 
 
Methodology 
In this study, a mathematical model was developed 
to simulate the cell growth in a 3D porous scaffold 
to produce the mandibular condylar cartilage.  
This numerical approach involves the transport and 
the absorption of solutes, such as glucose and 
oxygen, the lactate production and the pH effects 
within the construct. The model was developed 
taking into account the association between cell 
growth and the shear stresses developed by the fluid 
flow within the scaffold. The modified 
Monod-Contois model with a modulation function 
was implemented, considering the beneficial effect 
of shear stress on the tissue growth [6]. The 
simulation uses a quarter of a non-woven PGA 
disc-shape scaffold with a 5 mm diameter and 2 mm 
of thickness. Free-swelling conditions and 
mechanical stimulations (10% compressive strain at 
a frequency of 1 Hz) were compared. 
The simulation predicts the influence of the solutes 
diffusion and the local shear stress in the cell 
proliferation within the scaffold over a culture period 
of 14 days. 
 
Results and Discussion 
The solute concentrations and cell content showed 
good agreement with experimental data. The results 
indicated that the presence of a dynamic 
compression loading and, therefore, local shear 
stresses, improves the cell growth inside the 
scaffold. 
 
Conclusion 
This mathematical structure allows to investigate 
how chondrocytes respond to different stimulation, 
simulating the culture environment in a bioreactor. 
This study may also be used to understand the 
intrinsic events that occur during the culture process, 
helping the improvement of the scaffold design and 
its culture method. 
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